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Background. Digital subtraction angiography (DSA) remains an important tool for diagnosis of carotid stenosis but is associated
with risk for periprocedural complications. This is the ﬁrst report of direct intraoperative and histolopathologic visualization of
DSA-relatedcarotidplaquedisruption.Case.A64-year-oldmandiagnosedtohavea60%rightcarotidstenosisreceived diagnostic
DSA for therapeutic decision-making. He developed transient left hand numbness and weakness immediately after the procedure.
Intraoperative imaging during carotid endarterectomy revealed a fragile plaque with sharp surface laceration and intraplaque
hemorrhage at the bifurcation. Microscopy of the specimen demonstrated a large atheromatous plaque with ﬁbrous hypertrophy
and intraplaque hemorrhage ﬁlled with recent hemorrhagic debris. Conclusion. The visualized carotid lesion was more serious
than expected, warning the danger of embolization or occlusion associated with the catheter maneuvers. Thus the highest level of
practitioner training and technical expertise that ensures precise assessment of plaque characteristics should be encouraged.
1.Introduction
Despite recent advances in minimally invasive imaging
techniques for carotid vessels like Doppler ultrasonography
(US), MR angiography (MRA), and CT angiography (CTA),
digital subtraction angiography (DSA) provides the highest
spatial resolution and still remains the “gold standard” for
diagnosis of carotid artery stenosis, but it is associated with
risk for procedure-related neurologic complications. In fact,
therapeutic decisions in large clinical trials [1–4]h a v eb e e n
based on maximal internal carotid artery (ICA) stenosis
depicted with conventional DSA.
It is well known that vulnerable carotid plaque is an
atheromatousplaquethatis particularlyprone to disruption,
fracture, or ﬁssuring with a higher risk for embolization,
occlusion, and consequent ischemic neurological events [5].
Although disruption of such unstable plaques has been com-
monlyimplicatedasariskforprocedure-relatedneurological
complications in patients undergoing DSA, most resultant
stroke events are clinically silent or transient [6, 7], and there
are few descriptions of the aﬀected vessel walls.
We report a case of direct visualization and histolopatho-
logic examination of carotid plaque disruption associated
with the diagnostic DSA for therapeutic consideration of
asymptomatic moderate-grade carotid stenosis, which was
incidentally detected later during carotid endarterectomy
(CEA).
2.CaseReport
A 64-year-old man with past medical history of hyper-
tension, type 2 diabetes mellitus, hypercholesterolemia,
and symptomatic ischemic stroke in the territory of the
thalamoperforate artery diagnosed to have an asymptomatic
moderate (approximately 50%) right ICA stenosis that
was observed on MRA was referred to our center for
consideration of surgical intervention. Carotid Doppler
ultrasonography demonstrated hypoechoic plaques with2 Stroke Research and Treatment
an irregular surface at the carotid bifurcation extending to
the proximal ICA with stenosis of 83% (by area method)
and peak systolic ﬂow velocity at 1.89m/s (Figures 1(a) and
1(b)). Resting single photon emission CT (SPECT) showed
severehypoperfusionintherightICAterritory(Figure 1(c)),
presumably due to less prevalence of collateral ﬂow via the
anterior or posterior communicating artery (Figures 1(d)
and 1(e))[ 8].
For therapeutic decision-making, diagnostic carotid
angiography was then performed via a femoral approach.
It was diﬃcult to cannulate a 5-Fr. JB-2 catheter (Cook,
Bloomington, IN) over an angled 0.035 inch Radifocus
guidewire (Terumo, Tokyo, Japan) selectively advanced into
the right common carotid artery (CCA). The procedure
was repeated with a 5-Fr. Simmons II catheter (Cook,
Bloomington, IN) but failed to engage in the CCA due
to severe vascular elongation. Therefore, the guidewire was
advanced carefully, with special attention not to cross the
stenotic lesion at the proximal ICA, into the lingual branch
of the external carotid artery (ECA) for support, and the
catheter was successfully advanced to the CCA. The DSA
revealed a 60% stenosis of the proximal right ICA with
wall irregularities (Figure 2(a)), calculated according to the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) method [2]. The contralateral carotid angiogram
demonstratedamildstenosisintheposteriorwalloftheICA.
Vertebral angiography was discontinued as it was diﬃcult to
probe the bilateral vessels due to elongation.
The patient developed numbness and mild weakness of
the left hand immediately after the procedure. Diﬀusion-
weighted MR imaging showed multiple, small hyperintense
lesions in the distal ICA territory of the right front-parietal
lobe indicative of an embolic origin from the carotid plaques
(Figure 2(c)). The symptoms were transient and resolved
within 24 hours of the procedure with supplemental intra-
venous ﬂuids followed by oral clopidogrel (Plavix, Sanoﬁ
Pharmaceuticals, New York, NY) 75mg once daily. Based
on the results of the Asymptomatic Carotid Atherosclerosis
Study (ACAS) [1] and the Medical Council Asymptomatic
CarotidSurgeryTrial(ACST)[4],thepatientisconsideredto
be a good candidate for elective surgery and given informed
consent about CEA.
Two weeks later, the patient underwent successful right
CEA. Fragile atherosclerotic plaque with sharp surface lac-
eration, somewhat diﬀerent from atheromatous plaque rup-
ture, accompanied by intraplaque hemorrhage was observed
at the proximal ICA close to the bifurcation (Figures 3(a)
and 3(b)). There was no evidence of perforation outside
the wall. Microscopic examination of the endarterectomy
specimen revealed a large atheromatous plaque with ﬁbrous
hypertrophy and intraplaque hemorrhage ﬁlled with recent
hemorrhagic debris that stained red to brown with Elastica-
Masson stain, cholesterol crystal formation, and speckled
calciﬁcation (Figure 3(c)). The postoperative course was
uneventful and the stenosis had improved signiﬁcantly
on follow-up MRA (Figure 2(b)) with no apparent distal
embolization (Figure 2(d)). The patient was asymptomatic
at his neurological baseline without any postoperative com-
plications and was discharged on postoperative day 10.
3. Discussion
Although minimally invasive MRA and CTA have partially
replaced conventional DSA in clinical routine, it is still not
a standardized method for detection and grading of carotid
artery stenosis, especially for asymptomatic patients with
moderate carotid stenosis (50%–69%) where the quantiﬁ-
cation of stenosis can seriously impact on clinical decision-
making.
According to the current United States guidelines from
the American Academy of Neurology, surgical treatment of
asymptomatic patients with carotid stenosis 60%–99% in
patientswitha5-yearlifeexpectancyarerecommendedifthe
operator has a perioperative complication rate of <3% (level
A) [9]. By contrast, there is no treatment recommendation
for asymptomatic patients with stenosis 50%–59%. This
patient has already diagnosed as 50% moderate stenosis
on MRA, and thus conﬁrmatory imaging was required for
therapeutic decision-making. Although multidetector CT
had initially been taken into consideration for assessment
of carotid stenosis; however, conventional DSA was chosen
after all because we were worried about misclassiﬁcation of
patients within the surgical range associated with greater
underestimation with CTA in moderate grades of stenosis
[10].
It should be noted that the high diagnostic accuracy
of DSA before deciding on carotid intervention must be
balanced against the risk of neurological complications.
The neurologic complications are more common when
indication for DSA is carotid stenosis or ischemic stroke
(1.8%) [11]. Furthermore, it has also been pointed out that
such clinically overt neurological symptoms are only the “tip
oftheiceberg”sincetheratesofDSA-relatedsilentmicroem-
boli detected by diﬀusion-weighted MR abnormalities are
considerably higher [7, 12, 13]. Although it remains a matter
of debate, the level of operator experience (procedural and
ﬂuoroscopy time, multiple catheters use, and aortography)
and the nature of the underlying disease are thought to
be predictors of the occurrence of cerebral ischemic events
following diagnostic DSA [7, 11]. At the authors’ institution,
diagnostic cerebral angiographies are generally performed
by neurosurgical fellows who had already performed at
least 250 cerebral angiographies and allowed to perform
the procedures on their own, with an acceptable neurologic
complication rate (0.8%) compatible to those of recent data
[7, 11, 14].
Wepostulatethattheperiproceduralmanipulationcould
have resulted in the symptomatic neurological event. This
might be related to the diﬃculties in probing the vessels,
the presence of vulnerable atherosclerotic plaque located
at the carotid bifurcation that might be impinged and
scraped oﬀ the vessel wall presumably during the guidewire
maneuver in the ECA, and the instability of fresh thrombus
in exulcerating plaques that might embolize during the
procedure. Unfortunately, the surface morphology of the
excised carotid plaque corresponding to the aﬀected intimal
lesion could not be well characterized in this case because
of artifacts introduced during the removal of the lesion,
and nor could we distinguish the hemorrhagic lesion causedStroke Research and Treatment 3
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Figure 1: (a) B-mode ultrasound with color ﬂow Doppler image on the longitudinal display of the carotid plaque with irregular surface. (b)
The transverse display of the plaque at the carotid bifurcation. (c) 123I-IMP SPECT transaxial slices of a patient with right ICA stenosis. MR
angiography ((d) submental vertical projection; (e) lateral projection) with a hypoplastic or absent anterior and posterior communicating
arteries.
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Figure 2: (a) Peroperative common carotid angiogram (lateral projection) of a 64-year-old asymptomatic patient with a 60% stenosis of
the right ICA by NASCET criteria (arrow). (b) Postoperative MR angiography conﬁrmed disappearance of the stenosis. (c) Axial diﬀusion-
weighted MR imaging of the brain immediately after the occurrence of neurologic events following the DSA. Ipsilateral hyperintense lesions
are appreciable at the cortical-subcortical junction of right front-parietal lobes. (d) Postoperative diﬀusion-weighted imaging indicative of
no ischemic lesions associated with CEA. Postoperative MR imagings ((b) and (d)) were performed on the next day after CEA.4 Stroke Research and Treatment
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Figure 3: (a) An intraoperative view of an atheromatous plaque
originating from the proximal ICA during CEA with a shunt.
(b) Magniﬁed image revealing the sharp laceration of the plaque
surface (black arrow) and intraplaque hemorrhage (white arrow).
(c) Elastica-Masson stain matching histology cross section of the
carotidplaqueshowingalargelateralizedatheromaandintraplaque
hemorrhage. A ditch shown in blue arrow suggests a part of the
lacerating injury. Asterisks indicate the lumen.
directlybytheangiographicalprocedureand/orbyitsnatural
course of bleeding. During CEA, the full thickness of the
plaque was incised, thereby disrupting the luminal surface
of the lesion. However, the disrupted plaque showed sharp
laceration (Figure 2(b)) that cannot be explained simply by
atheromatous plaque rupture.
4. Conclusion
This is, to the authors’ knowledge, the ﬁrst report of direct
visualization and histolopathologic examination of DSA-
related carotid plaque disruption. The impact of the invasive
diagnostic carotid angiography on vessel wall injuries warns
the danger of serious procedure-related complications, and
thus the highest level of practitioner training and technical
expertise that ensures precise preprocedural assessment of
plaque characteristics by multimodal methods (e.g., ulcera-
tions, surface irregularities, number of plaques, echolucent
plaques, plaque distribution along the carotid bifurcation,
intraplaque hemorrhage, and lipid-rich necrotic core) [5, 15,
16] should be encouraged in the patient subgroup where the
DSA remains necessary.
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